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1. Introduction 
A general characteristic of the interactions between 
the tRNAs and the aminoacyl-tRNA ligases is that 
they are lowered by ionic strength. One explanation is 
that ionic strength weakens ionic interactions existing 
between phosphate groups of the tRNA and positive 
charges of the enzyme. 
A quantitative study based on this assumption was 
undertaken by Loftfield [l] . Using the Debye-Hiickel 
law, he found 2 to 4 charges interacting with the same 
number of positive ones. Since the Debye-Htickel law 
is valid only for small ions, the validity of these 
conclusions is questionable. 
A second explanation for the salt effect was 
proposed by Yarus [2] who postulated that the 
interactions between tRNA and enzyme required a 
conformational change and that this change was 
inhibited by salt. 
We report here a study of the affinity of tRNAVa’ 
and tRNAPhe for their cognate aminoacyl-tRNA 
ligases as a function of ionic strength under conditions 
where conformational changes can be considered as 
negligeable. Our results agree with the model of 
interaction between nucleic acids and protein developed 
by Daune [3-51. Our data are consistent with the 
existence of 5-6 phosphate groups interacting with the 
same number of positive charges on the enzyme. The 
participation of ionic interactions in the binding of 
the tRNA by its cognate aminoacyl-tRNA ligase would 
be about 40 to 60% of the total energy of interaction 
under usual conditions. This model is also sufficient 
to explain the increase in tRNA affinity for its 
aminoacyl-tRNA ligase in the presence of methanol 
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without postulating any conformational change. 
At last, we studied the behaviour of a three quarter 
tRNAPhe. The three quarter tRNAPhe molecule’s 
behaviour could be interpreted as the result of the 
loss of 2 ionic interaction sites. 
2. Materials and methods 
Yeast valyl-tRNA ligase was prepared in this 
laboratory by D. Kern (D. Kern, R. GiegC and J. P. 
Ebel, in preparation) according to a procedure derived 
from that described by Lagerkvist and Waldenstriim 
[6] . Yeast phenylalanyl-tRNA ligase was purified 
according to Fasiolo et al. [7] . Yeast-tRNAPhe and 
tRNAVal were purified by counter current distribution 
followed (for tRNAVa’) by chromatography on RPCS 
[8] and BD-cellulose [9]. Splitting in the dihydroura- 
tile loop of tRNAPhe was performed according to 
Krebs et al. [lo] . The fragments were prepared by 
chromatography on RPC.5 using 6 M urea at pH 3.0. 
We used [3H]Val-tRNAV” to measure the affinity 
of tRNAVal. It was previously verified that the amino 
acid linked to the tRNA had no detectable influence 
upon the interaction between valyl-tRNA ligase and 
cognate or non cognate tRNAs (J. Bonnet and J. P 
Ebel, submitted to Eur. J. Biochem.). In other systems 
the affinities of tRNA and aminoacyl-tRNA were 
also found to be equal [ 11-l 51. 
The affinity constants of valyl-tRNAVal for valyl- 
tRNA ligase were determined by titration experiments. 
The amount of bound Val-tRNAVa’ to valyl-tRNA 
ligase was determined by filtration through nitro- 
cellulose membrane according to Yarus and Berg, [ 161. 
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The medium was: 50 mM phosphate buffer, pH 6.0; 
0.5 mM Mg++, bovine serum albumin 10 pg/ml, 
5 mM 2-mercaptoethanol and various amounts of 
NaCl. A given amount of enzyme (6 to 180 nM, 
according to the ionic strength) was titrated by 
increasing amounts of valyl-tRNAVa’ (2 to 3000 nM). 
The rate of aminoacylation of tRNAPhe by 
phenylalanyl-tRNA ligase was determined in the 
following medium: bovine serum albumin 100 pg/ml; 
1 mM glutathione; 20 mM Tris-HCl pH 7.4; 6 mM ATP; 
10 mM MgClz ; 0.82 PM tRNAPhe; phenylalanyl- 
tRNA ligase 0.5 &ml; 0.1 mM [ l4 C] phenylalanine. 
NaCl was added at varying concentrations. K,,, values 
were determined from 
_V [tRNAPhe] 
’ -Km t [tRNAPhe] 
We verified that V remained constant in the conditions 
used. To verify that Km was sufficiently close to the 
reciprocal of the affinity constant, direct measurements 
of this affinity were made. The affinity of tRNAPhe 
for phenylalanyl-tRNA ligase was determined by 
fluorescence titration of Y base according to Fasiolo 
et al. [ 171 in the following medium; 10 mM Tris-HCl 
buffer pH 7.2; 10 mM MgClz and increasing concen- 
trations of sodium chloride. The tRNAPhe concen- 
tration was 0.5 PM and increasing amounts of enzyme 
were added. The experiments were conducted at 12°C. 
The affinity of the 3/4 tRNAPhe was determined 
by competition experiments. Aminoacylations were 
performed as above but 5.7 PM 3/4 tRNAPhe were 
added to the medium. 
3. Results and discussion 
It has been shown that sodium and magnesium ions 
act in a very similar way upon the structure of the tRNA 
(18, 19,20, 21 and references therein). But, to have 
an identical effect, concentrations of sodium 100 to 
1000 times larger than those of magnesium are 
required. The major conformational changes are achieved 
(below 4O’C) for concentrations lower than 2 M Na+ or 
1 mM Mg’+ [13--151. 
Interactions between valyl-tRNAVa’ and valyl-tRNA 
ligase were performed at 0°C in 0.5 mM magnesium 
and 60 to 2 10 mM monovalent cations. Interactions 
between tRNAPhe and phenylalanyl-tRNA ligase were 
performed in 6 mM or 10 mM free magnesium at 37°C 
or 12°C and between 250 to 650 mM monovalent 
cations. Under these conditions the ionic strength due 
to magnesium ions on one hand and conformational 
changes produced by variations of monovalent ions 
concentration on the other hand can reasonably be 
neglected. 
Fig.1 shows that in the range of ionic strength 
indicated above, the affinities of tRNAVa’ and 
tRNAPhe for their cognate aminoacyl-tRNA ligase are 
drastically reduced. It can therefore be concluded that 
the salt inhibition of tRNA-aminoacyl-tRNA ligase 
interactions is essentially due to a change in ionic 
interactions and not to a conformation effect on the 
tRNA level. These results were interpreted quantita- 
tively by assuming that the region implicated in the 
ionic interactions is locally a cylindrical polyelectro- 
lyte. This is a reasonable assumption since the X-ray 
determined three-dimensional structure of tRNAPhe 
[22,23] shows the whole molecule to be composed 
essentially of perpendicular double helixes. Moreover, 
based on these assumptions, Schuber and Pinck [24] 
were able to quantitatively interpret the variations in 
the deacylation rate of yeast Val-tRNAVal as a function 
of the ionic strength. We used the model worked out 
by Daune of protein-nucleic acid interpretation which 
has been successfully applied to the interactions 
between DNA and some proteins [3-51. According 
to this model, the apparent association constant 
between a nucleic acid and a protein can be written: 
logK=C+alog(k/l +kc) 
where: c is the concentration of monovalent cations. 
k is their affinity for the polynucleotide chain at a 
given ionic strength, a is the number of phosphate 
groups implicated in the interactions between tRNA 
and positive charges located on the protein, C 
corresponds to the energy of non ionic interactions. 
For the higher values of the ionic strength, the 
logarithm of the association constant of tRNAVal 
for valyl-t RNA ligase is a linear function of log(k/ 1 + 
kc) (tig.1). The fit is not as good for lower salt 
concentrations. This could be due to the fact that the 
model is no longer valid for ionic concentrations below 
50 mM [4]. The slope (5.6) of the straight line is 
compatible with the existence of 5 to 6 sites of ionic 
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Fig.1. Effect of ionic strength on association of tRNAVal and valyl-tRNA ligase and tRNAPhe and phenylalanyl-tRNA ligase. The 
affinity of tRNAVal, measured as that of Val-tRNAVal (0) and of tRNAPhe measured, in this last case either by fluorimetric 
titration (c) or as K, -’ (m) were determined as described in materials and methods. The values of log&/ 1 + kc) are drawn from 
[31 and [41 
interactions. The intercept of the straight line with the 
ordinate axis gives the value of C which is the value of 
log K for an infinite concentration of salt. 
Thus the contribution of the ionic interactions to 
the total energy of interaction can be calculated under 
the conditions used. For the ionic strengths generally 
used (60 mM monovalent ion) to isolate the complex 
tRNAVal-valyl-tRNA synthetase, log K was found 
equal to 9.2 (fig.1). Since non-ionic interactions 
correspond to a log K of 3.4, the ionic interactions 
contribute to 50% to the total energy of interaction. 
The influence of ionic strength upon the association 
tRNAPhe-phenylalanyl-tRNA ligase is in good agree- 
ment with the model at any salt concentration (fig. 1). 
The slope of the straight line is 6.0 and the extra- 
polation indicates that under the usual aminoacylation 
conditions (about 150 mM of cations), the contri- 
bution of ionic interactions to the total energy of 
interaction is 40%. 
Fig.2 shows the influence of ionic strength on the 
association of phenylalanyl-tRNA ligase and a 314 
tRNAPhe obtained by splitting the tRNAPhe in the 
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dihydrouridine loop. Its behaviour fits with the model, 
but the slope of the straight line indicates only 4 sites. 
Although one must be very cautious in interpretating 
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Fig.2. Effect of ionic strength on the association constant of a 
314 tRNAPhe for phenylalanyl-tRNA ligase. 
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Fig.3. Effect of ionic strength on the association between tRNAPhe 
The affinity constant of tRNAPhe 
and phenylalanyl-tRNA ligase in the presence of methanol. 
for phenylalanyl-tRNA ligase in the absence (o) or in the presence of 20% methanol (0) as a 
function of ionic concentration (A) or log(k/l + kc) (B). 
such results, it is possible that 2 sites are located in the 
dihydrouracile arm or in the acceptor stem. These 
results also show that the affinity of the 314 tRNAPhe 
for phenylalanyl-tRNA ligase is still high. 
It is known that organic solvents often increase the 
interactions between tRNA and aminoacyl-tRNA 
ligase ([ 1,2] and references therein). Aminoacylations 
were done in the presence of 20% methanol to deter- 
mine whether this increase is due to an increase of the 
strength of the ionic interactions produced by the 
lowering of the dielectric constant of water [l] or an 
effect upon the structure of the tRNA [2]. 
Since log K varies with the reverse of the dielectric 
constant (e) [4], the change in E can be taken into 
account. Fig.3 shows that for a given ionic strength, 
methanol increases the affinity of tRNAPhe for 
phenylalanyl-tRNA ligase. The application of the 
polyelectrolyte law gives a straight line parallel to and 
slightly below that obtained in the presence of metha- 
nol. Thus the change in the behaviour of the system 
can be interpreted as a slight reduction of non ionic 
interactions. The slope of the new straight line still 
corresponds to 6 sites of ionic interactions. Thus the 
increase of the affinity of tRNAPhe for its cognate 
aminoacyl-tRNA ligase can be simply explained by an 
enhancement of ionic interactions. 
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